We have cloned and sequenced cDNAs for three isoforms of the L-type voltage-dependent calcium channel subunit isolated from a normal human heart cDNA library. One of these subunits, designated JPa. hybridized with a 3.4-kb message, and the other two, designated Pb and pBc, hybridized with a message of approximately 1.9 kb. The presence of both of these latter two messages in human heart was confirmed by polymerase chain reaction methodology. Considering the differences between P8a and Pb/J3c, we find it likely that these messages may be encoded by two different gene sequences, Pla and Pb/Pc, and that the Pb/Pc sequence can be alternatively spliced in the 209-260 region. The data suggest that the human heart presents a different pattern of P3 subunit expression from that found in the rat and rabbit heart.
Isolation of cDNA Clones and DNA Sequencing
An amplified human heart oligo dT and randomprimed AZAPII cDNA library (Stratagene Inc., La Jolla, Calif.) was screened using a 0.9-kb rat brain 63 subunit probe corresponding to a brain , subunit isoform. 9 The strategy of using a rat brain / subunit to obtain a 1 subunit from human heart derives from the studies of Ruth et al, 8 in which no hybridization signal was obtained when using a skeletal 83 probe and mRNA from heart or smooth muscle. This probe, obtained by screening a rat brain cDNA library with a skeletal muscle probe (kindly supplied by Dr. K.P. Campbell, University of Iowa College of Medicine, Iowa City), was labeled by random hexamer priming with ['2P ]dCTP to a specific activity of 2x 109 dpm/,pg DNA. Filters were prehybridized for 5 hours in a solution composed of 50% formamide, 5 x SSPE buffer, 5 x Denhardt's solution, 0.5% sodium dodecyl sulfate, and 100 ,ug/ml sonicated salmon sperm DNA at 42°C. The probe was added to a final concentration of 4x107 dpm/ml. Hy-bridization was carried out for 24 hours. Filters were washed at a final stringency of 0.1 x SSPE and 0.1% sodium dodecyl sulfate at 65°C for 1 hour. cDNA clones were obtained in pBluescript SK(-) by in vivo excision of the cDNA containing plasmid from the A phage with helper phage R408. After restriction endonuclease mapping, the cDNA clones were sequenced using either single-or double-stranded templates by the dideoxy chain termination method using [35S]dATP and Sequenase version 2.0 (United States Biochemical Corp., Cleveland, Ohio). Nucleotide sequences were verified by bidirectional sequencing reactions. Northern Blot Analysis Total RNA was isolated from human heart by the method described by Chomczynski and Sacchi.14 PolyA+ mRNAs were purified by oligo dT-cellulose chromatography (Pharmacia LKB Biotechnology Inc., Piscataway, N.J.). Five micrograms polyA+ RNA from human heart was denaturated and size-fractionated on 1% denaturing formaldehyde agarose gels. The RNA samples were transferred to Hybond C membrane (Amersham Corp., Arlington Heights, Ill.) and fixed by baking for 2 hours at 80°C under vacuum. The transfers were prehybridized for 2 hours in a solution of 5 x SSPE, 5 x Denhardt's solution, 0.5% sodium dodecyl sulfate, and 100 ,ug/ml sonicated salmon sperm at 65°C. The probe was added to a final concentration of 4x107 dpm/ml, and hybridization was carried out for 24 have the replacement, is highly similar to the rabbit skeletal muscle P isoform and completely identical to the human skeletal muscle P isoform recently described by Powers et al.13 The comparison between Pb and pc cDNA at the nucleotide and amino acid levels is depicted in Figure 3 . These clones are identical except for a region consisting of 52 amino acids in p (residues 209-260) and seven different amino acids in Pb (residues 209-215). In comparing both nucleotide and amino acid sequences of Pb and Pa, it is apparent that, although the amino acid sequence of the two isoforms is highly conserved, the differences in the nucleotide sequences are consistent with a two-gene concept (Figure 4 The P subunit isoforms in human heart were probed by Northern blot analysis. Two specific probes were constructed to discriminate between Pa and the two closely related isoforms Pb and ,3c. Using a fragment containing the unique 3' end of Pa, we detected a 3.4-kb message in human heart polyA+ RNA ( Figure 5A , lane 2), indicating that the transcript size of the human is similar to its rat counterpart.9 A message of approximately 1 To investigate the presence of distinct messengers encoding Pb and 8,, PCR experiments using human heart mRNA were conducted. Specific oligonucleotides surrounding the different region were designed (see "Materials and Methods") to generate PCR products of different sizes for the amplification of either the Pb or ,BC message. The locations of these oligonucleotides in the clones are also indicated in Figure 3 to show that no Pa-derived product could be generated by using these primers. Figure 5B shows that both expected bands for ,b and /3. are present, displaying sizes of 771 and 903 bp, respectively. No amplification was found in the PCR in the absence of reverse transcriptase, which proves that there is no genomic DNA contamination in the RNA-PCR experiments. The PCR products were totally sequenced to verify their homology to the corresponding cDNAs. These results confirm the presence of these two isoforms in human heart mRNA. As depicted in Figure 3 , the sequences of Pb and Pc are identical, with the exception of a region of 52 amino acids in p3. (Figure 3 , sequence C) that is replaced by seven different amino acids in Pb (Figure 3, Sequence C. specific to pc None of these isoforms, however, has been cloned from cardiac muscle of rat or rabbit. Furthermore, previous reports indicate that no signal is detectable in Northern blot analysis of rabbit or rat heart mRNA using a skeletal muscle-derived probe. Therefore, the skeletal muscletype isoform described in the present study may be characteristic of the human heart. The P2 subunit reported by Perez-Reyes et al10 was cloned from rat brain and identified by Northern blot analysis to also be present in rat heart. Although these authors referred to the isoform as "brain/heart specific," this subunit was in fact first isolated using a Psk probe and therefore should have been seen in human heart. Furthermore, Hullin et al"l cloned this P2 isoform (designated CaB2a) as well as a splice variant (CaB2b) directly from rabbit cardiac tissue.
VQ K T S H S R G P Y P P S Q E I P M E V F D P S P R K Y S K R K
So, whereas the P2 subunit might be considered as a "heart-specific" isoform, we did not find it in human heart. Hullin et al also cloned another P3 subunit isoform from rabbit cardiac tissue (CaB3). All of these 13 subunits 
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Ob are very similar at the amino acid level, but considering the obvious differences at the nucleotide level, Hullin et al claimed that at least three genes encode the /3 subunits: one for the skeletal muscle-derived subtypes, another for the CaB2-related subunits, and the last for the CaB3 subtype. Interestingly, using a rat brain cDNA library and a skeletal muscle probe, we cloned a CaB3 subtype (unpublished data). Subsequently, we screened the human heart library with this CaB3 clone and performed Northern blot analysis (data not shown), yet we did not get any CaB3-related message. The reason we were unable to detect either CaB2-or CaB3-related subtypes in human heart may be due to 1) the low abundance of these messages in the tissue or 2) their absence. The number of 1 subunit isoforms we found in human heart to date. although interesting, may still not constitute the entire population. Our results demonstrate that at least three / isoforms are present in human cardiac tissue. P,a and b also have been found in rat and human brain.9"2,13 It is of considerable interest that a skeletal muscle isoform is present in human heart. It would be interesting to investigate whether each type of isoform represents a cell-type specificity, since it is well-known that cardiac muscle is comprised of numerous different cell types. It is intriguing to suggest, for example, that some message could be solely expressed in ventricular myocytes, others in atria, and still others, such as the "brain isoform," in the specialized conducting tissue. The use of the total heart to generate a cDNA library is probably responsible for the multitude of isoforms. Each of the isoforms described here, and possibly others, may give rise to a different function in the diverse cell subpopulation of the heart.
Overall, the array of P subunits that have emerged from cloning strategies from a number of laboratories presents a complex picture of structural variants and a nomenclature that begs for simplification. Unfortunately, the picture at present is so incomplete that any attempt in this direction might be counterproductive. At this time, we can state that at least three isoforms (,Ba Pb, and P) of the L-type voltage-dependent calcium channel / subunit exist in the human heart and that these subunits are probably derived from two different genes, one encoding f,B and another one encoding Pb and Rc. The latter two can be alternatively spliced in the 209-260 region. These isoforms do not appear to be tissue specific, since all of them have been found in brain and skeletal muscle.
